Introduction: Invasive fungal disease (IFD) is a life-threatening infection. The epidemiology and clinical features of IFD in the elderly population are less discussed. The aim of this study was to explore the epidemiology and mortality-associated factors for IFD in the elderly inpatients. Methods: A retrospective study enrolling 512 elderly inpatients from The First Affiliated Hospital of Sun Yat-sen University during the last two decades was performed. Results: The annual prevalence of IFD was 0.1-0.5%. Candidiasis was the most common (236/521, 45.3%). An increasing trend was observed in aspergillosis from 11.1% in year 1998 to 28.8% in year 2018. The common infective sites of candidiasis were abdominal cavity (83/236, 35.2%) and bloodstream (55/236, 23.3%). Invasive aspergillosis mainly developed in the sinus (74/149, 49.7%) and lung (65/149, 43.6%). Patients with diabetes mellitus (DM) (59/126, 46.8%), solid organ malignancy (84/114, 73.7%), chronic kidney disease (CKD) (40/62, 64.5%) or receiving operation (109/147, 74.1%) were prone to develop candidiasis, while aspergillosis was usually complicated in patients with chronic obstructive pulmonary disease (COPD) (25/51, 49.0%). The all-cause mortality rate was 25.9% (135/521), and patients aged ≥80 years were the riskiest (20/51, 39.2%). Lymphopenia (59.5% vs 17.3%, P<0.001) was significant in deceased patients with mold infection. Higher proportion of non-survivors with invasive candidiasis received central venous catheterization (CVC) (68.4% vs 40.6%, P<0.001) or indwelling urinary catheter (68.4% vs 46.3%, P=0.001). Conclusion: IFD is a life-threatening complication especially in the oldest-old. Surveillance on lymphopenia, prompt treatment and reduce invasive procedures could benefit the prognosis.
Introduction
Elderly people present many physical features different from their younger counterparts. Frail individuals, often complicating with underlying chronic diseases, have limited reserves to withstand health stressors. One of the noticeable disadvantages in the elderly population is the weakening barriers to pathogens, leading to increasing susceptibility to infection. It was reported that up to 1 in 10 individuals in the long-term care has experienced infection.
Methods

Study Design
A retrospective study was performed on the inpatients with age ≥60 years, the age beyond which was categorized as elderly according to the Chinese law, from the First Affiliated Hospital of Sun Yat-Sen University from January 1st, 1998 to December 31st, 2018. The International Classification of Diseases-10 (ICD-10) coding of discharged diagnoses was used to identify patients with IFD. Records were re-evaluated by two geriatricians (Yingying Gong, Minxi Lao). One episode of IFD from each patient was collected. Patients without complete data or developing IFD at the age <60 were excluded. This work was conducted according to the provisions of the Declaration of Helsinki.
Case Definition
The diagnostic criteria for IFD are shown in Table 1 . IFD was designated as proven, probable or possible according to the EORTC/MSG Guidelines, 8, 9 and Chinese expert consensus on candidiasis. 10 Fungal infection involving skin, genitalia, and oral cavity was excluded. Disseminated IFD was defined in the case of fungal septicemia, or IFD involving two or more non-consecutive organs.
Demographical and Clinical Data
Demographic and clinical data were collected from the medical records. Clinical characteristics of IFD included symptoms and signs, sites of infection, and anti-fungi treatment. Underlying diseases were recorded. Chronic kidney disease (CKD) is defined as a progressive loss of renal function measured by GFR < 60 mL/min per 1.73 m 2 , or markers of kidney damage, or both, lasting for more than 3 months. 11 Hypertension is defined as systolic blood pressure ≥140mmHg and/or diastolic blood pressure ≥90mmHg.
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Coronary artery disease (CAD) is a stage of atherosclerosis that involves fatty deposits inside the coronary arterial walls, leading to narrowing of the arteries, and causing clinical symptoms such as angina or heart attack. Chronic obstructive pulmonary disease (COPD) is defined as persistent respiratory symptoms and airflow limitation (presented as postbronchodilator forced expiratory volume in 1 s (FEV1)/ forced vital capacity (FVC) ratio of less than 0.70) which is due to airway and/or alveolar abnormalities, usually caused by significant exposure to noxious particles or gases. 13, 14 Diabetes mellitus (DM) was defined as having any one of the following: 1) fasting plasma glucose level ≥7 mmol/l (126 mg/dl), or 2) plasma glucose ≥11.1 mmol/l (200 mg/ dl) 2 hrs after a 75-g oral glucose load as in a glucose tolerance test (OGTT), or 3) symptoms of high blood glucose and casual plasma glucose ≥11.1 mmol/l (200 mg/dl). 15 Connective tissue disease (CTD) is a group of diseases that mainly affect the connective tissue, caused by autoimmune disorders. Laboratory data included routine blood tests and blood biochemistry. Neutropenia was defined as an absolute neutrophil count (ANC) of less than 2.0×10 /L). 19 Lymphopenia was defined as peripheral blood lymphocyte count<1.0×10 9 /L. Anemia was defined as hemoglobin <120 g/L in males and hemoglobin <110 g/L in females at sea level. The severity of anemia was classified as: mild (>90 g/L), moderate (60-90 g/L), severe (30-59 g/L) or very severe (<30 g/L). 20 Hypoalbuminemia was defined as serum albumin level <3.5 g/dl. Charlson comorbidity score was calculated according to previous report. 16 Microbial culture and biopsy findings were recorded if available. Polypharmacy was defined as receiving >10 medications at the time of IFD onset. Prolonged hospitalization was defined as hospital stay longer than 10 days. Prolonged use of glucocorticoids (GC) was defined as a mean minimum dose of 0.3 mg/kg/day of prednisone equivalent for >3 weeks. Potential-associated factors within 3 months prior to IFD onset included operation, the use of broad-spectrum antibiotics, central venous catheter (CVC), indwelling urinary catheter, and immunosuppressive therapy. Initial 
Results
Demographics
A total of 189,843 patients were screened, and 651 potential patients were selected. Ninety-four patients were excluded for not meeting the inclusion criteria and 36 were excluded for data incompleteness. Finally, 521 patients (323 males, 198 females) with IFD were included. Except one patient was Yemenese, the rest of the 520 (84/521), and possible cases for 12.7% (66/521). Baseline characteristics are shown in Table 2 . Two (0.4%) patients were infected with human immunodeficiency virus (HIV). No patient received stem cell transplant. Hospital-acquired IFD occurred in 300 (57.6%) patients, among which 67 (22.3%) patients developed IFD in intensive care unit (ICU), and 35 (11.7%) patients were using ventilation before IFD onset.
Characterizations of IFD
A total of 236 (45.3%) patients were infected with Candida spp., 149 (28.6%) with Aspergillus spp., 38 (6.9%) with Mucor spp., 24 (4.6%) with Cryptococcus spp., and 6 (1.2%) with P. marneffei, and 2 (0.4%) with Rhizopus spp. Mixed fungal infection was diagnosed in 40 (7.7%) patients. Cryptococcal infection presented as pulmonary cryptococcosis (18/24, 75.0%), cryptococcal meningitis (2/24, 8.3%), and disseminated cryptococcosis (4/24, 16.7%). Serum cryptococcal antigen (CrAg) was positive in 11 out of 14 patients (78.6%). Twelve patients with pulmonary cryptococcosis were diagnosed by lung biopsy.
Invasive aspergillosis (IA) mainly developed in the sinus (74/149, 49.7%) and lung (65/149, 43.6%). Two (2/ 149, 1.3%) patients had disseminated aspergillosis involving the lung and other organs. As for pulmonary aspergillosis, 62 (62/67, 92.5%) patients had invasive pulmonary aspergillosis, 4 (4/67, 6.0%) patients had chronic pulmonary aspergillosis, and 1 (1/67, 1.5%) patient presented tracheobronchitis. Serum galactomannan (GM) test was performed in 48 patients and positive in 17 (35.4%). The positive rate of the GM test was higher in bronchoalveolar lavage fluid (BALF) (11/16, 68.8%). Eighty-eight patients were diagnosed with pathological evidence, among which 5 cases were diagnosed by transbronchial lung biopsy and 83 by surgery.
Mucormycosis usually involved the sinus (26/38, 68.4%), and lung (10/38, 26.3%). Twenty-nine cases of mucormycosis were established on surgical pathology.
Infections with P. marneffei were diagnosed in the lung (3/6, 50.0%), bloodstream (2/6, 33.3%), and soft tissue (1/6, 16.7%).
Distribution of Isolated Fungi
Five hundred and five (96.9%) patients were diagnosed with etiological evidence. A total of 521 strains of fungi were isolated or recovered mainly from abdominal fluid (n=111), blood (n=89), sputum (n=60), urine (n=52), esophageal brushing sample (n=31), BALF (n=15), bile (n=13), pleural fluid (n=9), and cerebrospinal fluid (CSF) (n=4). The distribution of isolated fungi is shown in Table 3 
Secular Trends of IFD in the Elderly Population
The annual prevalence of IFD ranged from 0.1% to 0.5% (Figure 1 ). The distribution of each IFD subtype was further analyzed. The proportion of candidiasis declined from 77.8% in year 1998 to 38.5% in year 2018. In contrast, aspergillosis consisted of increasing cases, and the proportion increased from 11.1% in year 1998 to 28.8% in year 2018.
Characteristics of IFD in Patients with Different Underlying Conditions
Since the majority of the elderly patients had chronic conditions including DM, malignancy, COPD, CKD or received recent operation, we further analyzed the distribution of infective agents and infective sites in patients with different underlying conditions. As shown in Figure 2A, 
Age and IFD
Patients were divided into three groups based on the age at admission. The distribution of IFD subtypes is shown in Figure 3A . Candidiasis (40.8% in age 60-69, 47.0% in age 70-79, 62.7% in age ≥80) and aspergillosis (31.3% in age 60-69, 26.3% in age 70-79, 23.5% in age ≥80) constituted most of the infections irrespective of age. The proportion of mixed fungi infection was slightly increased in patients over 70 years of age (5.1% in age 60-69, 11.6% in age 70-79, 5.9% in age ≥80). The infective sites of IFD are summarized in Figure 3B . Most of the patients with age 60-69 developed IFD in the sinus (78/272, 28.7%), lung (57/272, 21.0%) or abdominal cavity (53/272, 19.5%). The proportion of disseminated infection increased remarkably in the oldest-old (age ≥80 years) patient subset (17/ 51, 33.3%).
Treatment and Prognosis
Treatment data were documented in 516 (99.0%) patients. Severe adverse events were reported in 3 (0.9%) patients, including impaired kidney function due to amphotericin B (n=1), mental symptom due to voriconazole (n=1), and heart failure due to itraconazole (n=1). Three deceased patients received empirical anti-fungal treatment with agents that were proved afterwards not sensitive to the pathogens.
The all-cause mortality rate was 25.9% (135/521), and the highest mortality was observed in patients aged over 80 
Comparison Between Survivors and Non-Survivors with Invasive Mold Infection
Since a majority of patients were infected with molds (ie, aspergillosis, mucormycosis, penicilliosis) or Candida spp., and these two types of fungi enter human body in different routes, we further conducted comparisons between survivors and non-survivors in different infection subtypes. As shown in Table 4 
Comparison Between Survivors and Non-Survivors with IC
A comparison between survivors and non-survivors with IC (Table 5) showed that non-survivors were more likely to receive broad-spectrum antibiotics (89.5% vs 70.6%, P=0.001), CVC (68.4% vs 40.6%, P<0.001), and indwelling urinary catheter (68.4% vs 46.3%, P=0.001). A higher proportion of disseminated candida infection was observed in non-survivors (46.1% vs 24.4%, P=0.001). The distribution of neutropenia and lymphopenia did not differ between groups.
Factors with statistical significance in univariate analysis were considered clinically associated with IC, and thus included in multivariate regression analysis. Results showed that ICU admission (adjusted OR 7.58, 95% CI 3.91-14.71, P<0.001) were associated with mortality in elderly patients with IC. 
Discussion
In this study, we demonstrated that candidiasis was the major IFD in the elderly patients, while aspergillosis constituted an increasing proportion. Patients at the extremes of age were particularly vulnerable to disseminated IFD. Pulmonary aspergillosis was likely to developed in patients with COPD, while IAC was common in patients receiving CAPD or gastrointestinal Abbreviations: BMI, body mass index; CAD, coronary artery disease; CI, confidential interval; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; CTD, connective tissue disease; CVC, central venous catheter; DM, diabetes mellitus; GC, glucocorticoid; ICU, intensive care unit; OR, odds ratio; SD, standard deviation; TPN, total parenteral nutrition. operation. The mortality of IFD was high and increased with age.
In the general population, the incidences of IC and IA were stable during the last decade, and the overall incidence of IC was approximately 10 times higher than that of IA. 18 In consistent, our results showed that the prevalence of IFD in elderly patients was stable during the last two decades, and IC remained to be the most common pattern, followed by IA. In the current study, the proportion of candidiasis tended to decline, while that of aspergillosis showed an upward trend in elderly people. One speculative reason is the advantage in diagnostic methods such as high-resolution computed tomography (HSCT) and GM test that improve the diagnosis accuracy of aspergillosis. Our finding suggests that increased vigilance against aspergillosis is necessary for timely diagnosis in elderly patients.
Patients with different underlying conditions are likely to be infected by different fungi. Generally, Candida spp. are common, except that in patients with COPD, Aspergillus spp. are more frequently found. Lung structure damage increases the risk of pulmonary infection due to the impairment of pathogens clearance. For example, monocyte-derived macrophages exhibit defective phagocytic and proinflammatory cytokine response to A. fumigatus, leading to fungal germination and dissemination in patients with COPD. 21 Patients with DM are susceptible to candidiasis. Elevated blood glucose level creates a specific condition for intensive fungal colonization, 22 and DM per se is an independent predictor for biofilm-forming Candida bloodstream infection. 23 The proportions of candidiasis in patients with solid organ malignancy and CKD were extremely high in our study. One of the possible reasons is the performance of invasive procedure, including operation and CAPD. The alteration of intestinal flora is commonly found in elderly persons and is a potential risk factor for IAC. 3 IAC was reported to occur in up to 40% of the patients after repeated gastrointestinal operation or acute abdomen. 3 Therefore, the elderly patients with altered colonization of Candida strains are risky for candidiasis, especially in the situation of receiving abdominal operation or CAPD. Being aware of the different distributions of IFD in different comorbidities would guide the preference of antifungal medications. An apparent disproportion of the infective patterns in patients from different age group was observed in our study. Patients of the oldest old are predisposed to disseminated infection. Many factors could contribute to this trend. Immune defense decreased gradually with age. T cells play a critical role in fungal defense. 24, 25 However, in the elderly with immunosenescence, skewing immune repertoire to the memory T cells is observed and the number of naïve T cells decreases due to thymus involution. 26 Age-related defect of IL-2 production impairs the expansion of T cells which is required for mounting the immune response. 27 Besides, many risk factors for IFD such as the use of broad-spectrum antibiotics, indwelling catheterization, and lymphopenia were predominant in the oldest-old. Our results suggest that in patients with advanced age, active searching for potential infective sites of IFD is necessary. During the last two decades, fluconazole and voriconazole remains to be the mainstay to treat candidiasis and aspergillosis, respectively. Meanwhile, we observed an upward trend in the use of echinocandins. Echinocandins are active against a broad spectrum of fungi, especially Candida spp., with few reported severe adverse effects and minimal drug-drug interactions. 28 Therefore, echinocandins are encouraged to be used in elderly patients who usually take a high number of concomitant medicines. In contrast, only a small number of patients (13/516, 2.5%) in our study received amphotericin B (not amphotericin B liposome due to economic reasons). Considering the high incidence of nephrotoxicity of amphotericin B and the natural decline of renal function with advanced age, amphotericin B is not the first choice in the elderly populations. Besides, inpatients who were treated with highrisk drugs were closely monitored in our study. Once the adverse effects became severe, drugs were discontinued. In addition, we prescribed amphotericin B from a low dose and escalated gradually, following the dose-escalation strategy recommended in drug instruction in order to observe the infusion-related acute toxicity and doselimiting toxicity. These reasons could explain the difference in the incidence of adverse effects in our study and previous reports.
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The all-cause mortality in elderly patients with IFD is extremely high. In consistent with previous reports, 9 neutropenia, prolonged use of GC and immunosuppressants were significant in non-survivors with invasive mold infection. More than half of the non-survivors had lymphopenia. Both T cells and B cells participate in hose defense against fungal infection. In particular, cytokines such as interferon (IFN)-c and tumor necrosis factor (TNF)-α released by T-helper type 1 (Th1) cells activate the innate immune system and stimulate B cells to produce fungi-specific antibodies. 24, 25 However, the number of active lymphocytes decreases with age physically, a fortiori, under the chronic conditions such as autoimmune disease or malignancy. Our results suggest that lymphopenia is an important predictor of mortality in invasive mold infection and needs special attention. Candida spp. are the normal flora colonization over gastrointestinal or genitourinary tract. During aging process, metabolic disorders destroy the mucosal and cutaneous barrier through which the colonized Candida strains invade into deep-seated organs. 18 In addition, old patients are more likely to receive invasive procedure during hospitalization such as urinary catheterization. Biofilm formation on the surface of the catheters is a critical problem and increases the difficulty for treatment. 31 Reducing catheterization might reduce the risk of IC, otherwise, physicians should always bear in mind the possibility of IC in patients with indwelling catheters. The strength of our study is the enrollment of a large number of patients from a long period of time. To the best of our knowledge, this study is the first to display the features of IFD in the elderly population from different angles, eg, time trend, comorbidities, and age. However, some limitations deserve comment. Firstly, data were generated from one hospital from Southern China, and only inpatients were included. The interpretation of the results to the general elderly population is cautious. Secondly, a small portion of invasive fungi were not classified due to technical or personal financial reasons, which could influence the prevalence of each IFD subtype. Thirdly, the retrospective nature has limited value in studying long-term prognosis. Initial adequate antifungal treatment is suggested to be critical to improve prognosis of IC. 3 In our study, however, no advantage of initial adequate treatment was observed in patients who survived. One of the possible reasons could be that only initial treatment was evaluated in this study. Drug switching strategy and the course of treatment were not unified, and this could exert negative effect on treatment efficacy.
Conclusion
This study provides an overview of IFD in elderly patients. Candidiasis and aspergillosis were the major patterns. The mortality of IFD was high and increased with age. Increasing vigilance on lymphopenia, prompt appropriate clinical management and reduce invasive procedures could benefit the prognosis of IFD in subjects at risk. IFD is a great threat to the elderly. In-depth study on this issue will increase our knowledge of IFD management and benefit the prognosis in elderly population. 
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